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We present measurements of resistivity p in highly oriented LaNiOs films grown on LaAlOs sub¬ 
strates by using a pulsed laser deposition technique. The experimental data are found to follow a 
universal p(T) oc dependence for the entire temperature interval (20A' < T < 300K). The 
observed behavior has been attributed to a resonant scattering of electrons on antiferromagnetic fluc¬ 
tuations (with a characteristic energy hvjsf — 2.1mey) triggered by spin-density wave propagating 
through the interface boundary of LaNiOs /LaAlOs sandwich. 

PACS numbers: 74.25.Fy; 74.70.-b; 74.78.Bz 


1. Introduction. Even though LaNiOs (LNO) be¬ 
longs to the nickelates family RNiO^ (with R being a 
rare-earth element), it possesses unique physical proper¬ 
ties because it does not undergo a metal-insulator tran¬ 
sition (MIT) from paramagnetic (PM) metal to antifer¬ 
romagnetic (AFM) insulator like all the other members 
of this family. It stays PM metal for all temperatures. 
However, recent investigations (see, e.g., [1-5] and fur¬ 
ther references therein) suggest that one can significantly 
modify LNO properties by depositing it on different sub¬ 
strates. This can be achieved by thickness controlled 
partial suppression of the charge ordering (which is be¬ 
lieved to be responsible for manifestation of MIT in nicke¬ 
lates). The most interesting result of such a heterostruc¬ 
ture engineering is probably the one that leads to ap¬ 
pearance of a new magnetic structure, the so-called pure 
spin-density wave (SDW) material exhibiting properties 
of an AFM metal [6-11]. Such heterostructures are found 
to manifest very unusual properties (both magnetic and 
transport related). In particular, it has been successfully 
proven experimentally [10,11] that depositing LNO thin 
film on LaAlO'i (LAO) substrate results in appearance of 
a rather robust AFM order inside LNO/LAO superstruc¬ 
ture (with Neel temperature Tm ~ lOOAT) due to forma¬ 
tion of SDW and concomitant charge redistribution in 
LNO films [7]. In this Letter we present our latest mea¬ 
surements of resistivity in (ZOO)-oriented LNO thin films 
deposited on (/00)-oriented LAO substrate by using the 
pulsed laser deposition (PLD) technique. We demon¬ 
strate that our data can be very well fitted by a rather 
simple law p{T) = A -\- for the entire tempera¬ 

ture interval (20Ar < T < 300K). We argue that such 
a temperature dependence is a result of strong resonant 
scattering of conducting electrons on thermally excited 
AFM spin fluctuations (taking place inside LNO/LAO 
hybrid structure) which completely suppresses all the 
other scattering mechanisms (such as electron-phonon 
and electron-electron interactions). 


2. Experimental. Recall that PLD technique is es¬ 
pecially suitable for providing high quality samples with 
atomically smooth surfaces whose composition agrees 
well with that of the target and the films can be de¬ 
posited at a wide range of oxygen pressure. Therefore, 
PLD technique was employed to deposit thin films of 
LNO on (100) oriented LAO substrate with typical di¬ 
mensions of 5 X 5 X O.bmnA. Laser wavelength and repe¬ 
tition rate were A = 248nm {KrF laser with 25ns pulse 
duration) and / = 2Hz, respectively. 

Microstructure and crystallographic orientation of the 
films were characterized by X-ray diffraction (XRD) 
scans. The surface morphology was confirmed by atomic 
force microscopy and scanning electron microscopy (these 
results and further details will be presented elsewhere). 
XRD pattern of the discussed here LNO/LAO hybrid 
structure (with LNO thickness of t = 60nm) is depicted 
in Fig.l. 

The electrical resistivity p{T) was measured using the 
conventional four-probe method. To avoid Joule and 
Peltier effects, a dc current I = 100/iA was injected (as a 
one second pulse) successively on both sides of the sam¬ 
ple. The voltage drop V across the sample was measured 
with high accuracy by a KT25() nanovoltmeter. 

3. Results and Discussion. Fig.2 shows the typical 

results for the temperature dependence of the resistivity 
p{T) in our LaNiO^/LaAlO^ thin films heterostructure. 
Fig.3 presents the best fit of the experimental data for 
all temperatures according to the following fitting ex¬ 
pression: p(T) = A -\- with A = bOpUlcm and 

B = 0.0033pQcm/K^/^. Given the above discussion on 
appearance of AFM order in LNO/LAO hybrid struc¬ 
ture, it is quite reasonable to assume that the observed 
temperature behavior can be attributed to the manifes¬ 
tation of strong long-range AFM spin fluctuations (with 
a characteristic energy huisf — ksTsf corresponding to 
low-energy spin dynamics spectrum measured by inelas¬ 
tic neutron scattering experiments). 
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FIG. 1: X-ray diffraction spectrum of LNO films deposited 
on oriented LAO substrate. 
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FIG. 2: Temperature dependence of the resistivity p{T) mea¬ 
sured for a typical LaNiOs thin film deposited on oriented 
LaAl 03 . 


FIG. 3: The best fit of the experimental data shown in Fig.2 
according to Eq.(4). 


It should be mentioned that the origin of the over¬ 
whelming dependence due to spin fluctuations in 

AFM metals with nontrivial topology of the Fermi sur¬ 
face has been discussed before within a detailed micro¬ 
scopic picture [12,13]. In particular, it has been demon¬ 
strated (within a rigorous Boltzmann approach) that [12] 
in weakly disordered metals close to AFM quantum- 
critical point (pc) the anisotropic scattering from criti¬ 
cal spin fluctuations is strongly influenced by weak (but 
isotropic) scattering from small amounts of disorder, re¬ 
sulting in a scaling like dependence of magnetoresistivity 
valid for all temperatures: 


p{T) oc 


T/po, {p-Pc)Ipo,HIpI^‘^ 


( 1 ) 


where F is a scaling function with po the residual con¬ 
tribution (due to impurity scattering), H the magnetic 
field, and p — Pc > 0 measuring the distance from the 
quantum-critical point (QCP) on the paramagnetic side 
of the phase diagram. 

A more detailed analysis revealed [12] that at zero 
magnetic field a 3D system (single crystal) with a small 
amount of disorder exhibits a resistivity crossover (with 
increasing the temperature) from (at low temper¬ 
atures) to T behavior (at higher temperatures). How¬ 
ever, if the system is tuned to the QCP in a finite field, 
p{T) oc dependence is expected to be observed at 
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higher temperatures as well. More precisely, it was found 
[12] that at high enough magnetic fields, the tempera¬ 
ture dependence of p{T) actually saturates at at 
the highest temperatures. 

At the same time, a similar dependence of re¬ 
sistivity has been observed in the high-pressure param¬ 
agnetic state of 3D metals and has been attributed to 
manifestation of small-angle interband inelastic scatter¬ 
ing by AFM spin fluctuations (Cf. Eq.(9) from Ref. [13]). 
Moreover, to explain the universality of the observed 
behavior over the entire measured temperatures, it was 
suggested [13] that the scattering by intrahand fluctua¬ 
tions replenishes the electron distribution (depleted by 
interband inelastic scattering) while having a little effect 
on the current, thus making intrahand scattering mecha¬ 
nism responsible for the robustness of the behavior 
in deformed 3D metal. 

Based on the above observations and given the well- 
known fact that thin enough 2D films can be effectively 
treated as 3D systems under high enough pressure (or 
equivalent magnetic field), it is quite reasonable to as¬ 
sume that the experimentally observed behavior of resis¬ 
tivity in our ’’dirty” films can indeed be dominated by 
AFM spin fluctuations for the entire temperature inter¬ 
val. For simplicity, in this paper we adopt a phenomeno¬ 
logical approach based on our previous experience in su¬ 
perconductivity [14]. More specifically, to describe fluc¬ 
tuations induced thermal broadening effects, we suggest 
the following scenario. Namely, we introduce the tem¬ 
perature dependence via the cutoff frequency D(T) = 
U{T)/Ti which accounts for AFM fluctuations with an 
average thermal energy U{T) = >~ ksT where 

C is the force constant of a two-dimensional harmonic os¬ 
cillator, and < > is the mean square displacement of 

the magnetic atoms from their equilibrium positions. As 
a result, we arrive at the following simple expression for 
the temperature dependence of resistivity in our hybrid 
film structure [14] 


P{T) = do + Psf 


/•L*Js/+n(T) 

1 + / dujf{uj) 




( 2 ) 


where d(0) = po + Psf is the total residual contribution, 
and /(w) is an appropriate spectral distribution function. 

It should be pointed out that in order to correctly 
model SDW created fluctuations spectrum in our het¬ 
erostructure, instead of the previously used Drude- 
Lorentz law (which is quite appropriate for treating spin 
fluctuations in superconducting films [14]), we make use 
of another spectral distribution (which is more suitable 
for treating spin fluctuations in SDW type materials) 
valid for Wg/ < w < ujsf + fl{T): 

= ( 3 ) 

A careful analysis of Eqs.(2) and (3) reveals that the 


seeking law corresponds to a resonance like condi¬ 
tion uj ~ LOsf of the above distribution, which becomes 
/(w) oc — LOsf under this condition. It can be directly 
verified now that the resonant like SDW governed spec¬ 
trum indeed results in the observed dependence of the 
resistivity 


PiT) = 

A -h 

(4) 

4^2 

/ ks 

(5) 

Stt 

\hujsf) 


and A = po + Psf- 

Notice that according to Eq.(5), the absolute value 
of the resonance frequency tOgf in the spectrum of 
SDW driven AFM fluctuations (dominating the scatter¬ 
ing mechanism) can be estimated if we know the value of 
the residual contribution psf due to electron scattering 
by spin fluctuations, which is expected to be rather small 
in comparison with residual contribution po due to elec¬ 
tron scattering by impurities (very much like in supercon¬ 
ducting films [14]). In turn, the latter contribution can 
be estimated as follows [14]: po = l/WpCoTo where ujp is 
the plasmon frequency, 1 /tq is the elastic scattering rate, 
and eo = 8.85 x 10“^^F/m is the vacuum permittivity. 
Using [5] Uojp ~ l.lmeU and I/tq ~ 1.2 x 10^s“^ for our 
heterostructure, we obtain po — 40/iOcm. Now, using the 
experimentally found value of A = po + Psf = 50pflcm, 
we obtain psf = A — po ~ lOpflcm for the seeking 
estimate. With this value in mind and recalling that 
B = 0.0033pOcm/Ar^/^, from Eq.(5) we can estimate 
now the value of the resonance frequency eosf- The result 
is as follows, fiuJsf — 2.1meV which gives Tgf ~ 23A' for 
the onset temperature where spin fluctuations begin to 
dominate the scattering process in our LaNiO^/LaAlO^ 
thin films heterostructure, in a good agreement with the 
observations (Cf. Fig.2). However, in order to further 
check a plausibility of the presented here scenario and to 
corroborate the obtained here results, it is important to 
relate the resonant frequency cogf with the inelastic neu¬ 
tron scattering data on low-energy spin dynamics (for the 
energy spectrum ranging from O.SmeU to 5meV) in such 
hybrid structures. It is interesting to notice that for our 
samples Wg/ ~ 2u!p. 

And finally, it is worthwhile to mention that somewhat 
similar unusual magnetic properties have been observed 
in other topologically nontrivial systems, including quasi 
ID conducting polymers with AFM ground state (where 
SDW like spin transport is mediated by topological soli- 
tons [15]) and highly ordered artificially prepared 2D ar¬ 
rays of Josephson junctions (exhibiting pronounced geo¬ 
metrical quantization effects [16]). 

In summary, a universal p(T) oc dependence of re¬ 
sistivity for the entire temperature interval was observed 
in LaNiOs thin films grown on oriented LaAlO^ sub¬ 
strate (by using a pulsed laser deposition technique) and 
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attributed to resonant scattering of conducting electrons 
on spin fluctuations resulting in thermally activated dis¬ 
placement of magnetic atoms. 
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